reduced, along with the side effects such as nausea, vomiting and arrythmias. However, the plasma half-life of L-dopa remains unaffected.
With the blockade of AAAD, COMT becomes the main metabolic pathway, transforming L-dopa into an inactive metabolite, 3-O-methyldopa (3-OMD). 2 With L-dopa combination therapy, 3-OMD is the major plasma metabolite with plasma concentrations largely exceeding those of L-dopa. COMT is widely distributed, notably in the gut wall, liver, kidneys, muscles and even in the endothelium of the blood-brain barrier. It is also present in the brain, where O-methylation of dopamine is one means of terminating its action. The blockade of this enzyme could be advantageous in many ways. Increased absorption of L-dopa and reduction of hepatic metabolism would increase bioavailability of L-dopa. Reduction of O-methylation of L-dopa in the systemic circulation would prolong its half-life and increase the area under the curve. Central inhibition of COMT would inhibit degradation of dopamine ( Figure 1 ).
The reduction in the peripheral formation of 3-OMD and of the brain dopamine degradation, is probably not of clinical significance. High levels of 3-OMD, a neutral amino acid could in theory have a negative impact on the clinical response to L-dopa by competing with its transport through the intestinal mucosa and the blood-brain barrier. However, 3-OMD represents only about 10% of the neutral amino acids which all might compete with L-dopa. The significant reduction of plasma 3-OMD concentrations after 8 weeks of treatment with entacapone, a peripheral COMT inhibitor, did not prolong the response duration to Ldopa, arguing against any significant impact of elevated plasma 3-OMD on the pharmacokinetics of L-dopa. 3 It is unclear whether intracerebral COMT blockade is of clinical significance since the administration of tolcapone (a COMT inhibitor acting also centrally) without L-dopa to parkinsonian patients did not provide any detectable clinical benefits (however, the dose of tolcapone in this trial may have been too low to cross the blood-brain barrier). 4 
COMT INHIBITORS: THE NITROCATECHOLS
Previous clinical experience with COMT inhibitors has been disappointing, owing mostly to the absence of specific and potent oral compounds. The situation has changed with the recent development of the nitrocatechols, a group of highly potent COMT inhibitors including nitecapone, entacapone and tolcapone. These compounds are highly selective, with virtually no action on tyrosine hydroxylase, dopamine B-hydroxylase, dopa decarboxylase, and monoamine oxidase A and B.
In rats with unilateral nigral lesions, oral nitecapone combined with L-dopa/carbidopa increases the striatal levels of levodopa, dopamine, DOPAC and HVA in a dose-dependent fashion, correlating with the observed behavioural changes. 2 At the doses studied, nitecapone appears to mainly inhibit the duodenal COMT without affecting the striatal COMT. In preliminary experiments, no entry of radioactive nitecapone into the brain was found. There is little data on human subjects with PD, with only one preliminary study describing "significant reduction of disability" in all 7 patients studied. 5 Entacapone is a reversible inhibitor of COMT acting primarily in the periphery. The plasma elimination half-life of the drug is 1.5 to 3.5 hours. In normal volunteers, single oral doses of 100 to 400 mg inhibit red blood cell COMT by 50 to 75%. In human parkinsonian subjects, the coadministration of 1200 mg daily of entacapone with L-dopa/carbidopa preparations prolongs the elimination half-life of L-dopa by 59% to 75%, and increases the area under the curve AUC by 45%. 3 There is, however, no significant change of Cmax and Tmax, indicating that entacapone has little effect on absorption and first-pass metabolism of L-dopa despite the high concentrations of COMT in the gut and liver. Concentrations of 3-OMD on chronic entacapone therapy are reduced by almost 60%, but rise rapidly on the day the drug is discontinued, in agreement with the reversible nature of this inhibition.
Tolcapone is the most potent and selective COMT inhibitor identified thus far. The drug is rapidly absorbed (Tmax 1.5 hrs) and shows dose-proportional pharmacokinetics. It has a mean plasma elimination half-life of 2.0 +/-0.8 hours, and must be administered in 3 divided doses. 6 The metabolism is primarily hepatic. The onset of COMT inhibition is less than 2 hours in most subjects. The degree of inhibition increases with increasing dose, attaining 80% with a single dose of 100 mg. Like entacapone, tolcapone appears to have little impact on L-dopa firstpass metabolism since, up to a dose of 200 mg, the C max and t max of L-dopa are unchanged. Coadministration of Ldopa/benserazide with increasing doses of tolcapone prolongs Ldopa elimination half life and increases the AUC by a similar ratio, of about twofold. This occurs with doses of 100 mg and 200 mg t.i.d. 7 Further increases of the tolcapone dose provides no additional benefit on L-dopa pharmacokinetics. In fact, higher doses prolong L-dopa t max, possibly by competing for the saturable transport mechanism across gut membranes.
COMT INHIBITORS: CLINICAL STUDIES
The addition of COMT inhibitors to L-dopa preparations significantly prolongs levodopa elimination half life without THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Suppl. 2 -S35
Figure 1: Synthesis of dopamine and its metabolism by cathechol-omethyl transferase (COMT) and monoamine oxidase (MAO).
increasing peak plasma concentrations. This enhanced, less pulsatile L-dopa delivery to the brain has been clearly demonstrated in various pharmacokinetics studies. During chronic entacapone treatment in patients with PD, the mean plasma L-dopa concentrations were increased by 23% (despite a 27% reduction in daily L-dopa dosages) and the variation of plasma L-dopa levels throughout were reduced from 49% to 38%. 3 The potential beneficial effects of this group of compounds in PD are numerous. By permitting a more sustained, physiological dopaminergic stimulation, they could help prevent the development of motor complications, since both animal and human experiments suggest that intermittent dopaminergic stimulation is a key factor for the induction of dyskinesia and shortening of response. 8 A 5 year clinical study using tolcapone in patients with a stable motor response on levodopa therapy was initiated to address this issue, but had to be interrupted due to recent reports of fulminant hepatitis in three patients (see further in text).
Patients already experiencing motor fluctuations should, however, get the most immediate benefit. The prolonged plasma elimination half-life is expected to prolong the therapeutic effect of each L-dopa dose, therefore increasing "on" time. The increase in mean through L-dopa plasma levels could also attenuate the severity of "off" periods. A reduction in the number of daily L-dopa intakes and of the total dosage is also anticipated.
A) Stable patients
The North American trial on the efficacy and safety of tolcapone in stable patients was conducted in 20 centres and included a total of 298 patients. 9 Individuals aged at least 30 years with a secure diagnosis of PD and without evidence of motor fluctuations or significant dyskinesias were eligible. All patients were receiving L-dopa/carbidopa preparations for at least 3 months (maximum of 5 years), with dosage ranging from 100 mg to 600 mg daily. Exclusion criteria included the following: use of dopamine agonists during the previous 4 weeks, long-term treatment with centrally acting dopamine antagonists during the preceding 6 months, MAO inhibitors (other than selegiline), depression and clinically relevant active medical problems.
Patients were randomly assigned to receive placebo, tolcapone 100 mg t.i.d., or tolcapone 200 mg t.i.d. Assessments included United Parkinson's Disease Rating Scale (UPDRS) scores, L-dopa induced symptoms, change in total daily L-dopa dosage, and Sickness Impact Profile (SIP), a generic measure of quality of life. Both treatment groups showed a statistically significant reduction of UPDRS subscale II, indicating improved functioning for activities of daily living. The effect of tolcapone was greatest in those with the most marked impairment at baseline (score > 6). There was also a significant reduction of UPDRS motor score (subscale III) in both treatment groups, with the greatest improvements in those with the highest scores at baseline. These improvements were maintained up to the 12 months assessment. The SIP scale showed a significant improvement only in physical scores. A slight but statistically significant reduction of daily L-dopa dosage was observed in both treatment groups at 6 months, compared to the placebo group. Overall, the improvements were marginally greater in the 200 mg t.i.d. treatment group. Fourteen patients in the placebo group required additional antiparkinsonian medication (most often dopamine agonists) at 6 months, compared to only 2 in each tolcaponetreated group. The development of motor fluctuations was more common in the placebo group: 26%, compared with 14% in the tolcapone 200 mg t.i.d. group, and 19% in the 100 mg t.i.d. group (not significant).
Most adverse events were mild in severity. Dopaminergic effects (nausea, anorexia, dyskinesia, sleep disorders) were predictably more common in the tolcapone-treated patients, especially the 200 mg. t.i.d group. These tended to develop early in the course of treatment but were rarely a reason for withdrawal from the study. Diarrhea was the most frequent nondopaminergic adverse event, leading to eight withdrawals in the tolcapone 100 mg t.i.d. group and five in the 200 mg t.i.d. group (compared to one in the placebo group). In most cases, the diarrhea began 30 to 90 days after starting treatment, and resolved when the drug was discontinued. Raised liver enzymes (> 3 times the upper normal limit) was the only laboratory abnormality seen, occurring in 3% of the 100 mg t.i.d. group, and 5% of the 200 mg t.i.d. group. Four patients were withdrawn while in four others the values returned to normal while on treatment. All cases developed within 1 to 6 months of starting treatment.
Comments:
The improvements in UPDRS subscales II and III were statistically significant, yet clinically modest. Patients most severely impaired benefited the most, implying that the benefit was marginal for many patients with mild disease. Of interest is the observation that, at 6 months, fewer of the tolcapone-treated patients required additional medication and had developed motor fluctuations. One could postulate that a proportion of "stable" patients were in fact mild fluctuators, and these are likely to benefit from a prolongation of the elimination half-life of L-dopa. The authors from the study admitted that 18% to 25% of the patients had mild wearing-off, defined as "off"-periods accounting for less than 25% of the waking day.
At the present time, the value of COMT inhibitors in patients with mild, stable disease is arguable, considering the modest clinical benefits, the added costs and the potential for additional adverse effects.
B) Patients with motor fluctuations
The effects of entacapone on the pharmacokinetics of L-dopa and the clinical response to L-dopa was assessed in an open-label trial in 15 patients with PD and motor fluctuations. 3 On chronic entacapone treatment with 1200 mg daily (400 mg t.i.d.), the daily L-dopa doses were reduced by 27% in response to patient's report of increased dyskinesia or of lesser requirements for L-dopa. Despite this reduction, the mean L-dopa concentration were 23% higher than that during the run-in phase. The L-dopa concentration in the morning before the first dose of Sinemet of the day was, however, unchanged, indicating that there was no accumulation of L-dopa from one day to the next. The time spent "on" increased from 63% to 77%. Many patients reported reduce "off" dystonia and increased sense of well-being. Increased dyskinesia was common but easily managed by reducing L-dopa doses. Diarrhea occured in 3 patients, and caused one drop out of the study.
In two multicenter, placebo-controlled trials, 11, 12 patients were randomized to receive either entacapone 200 mg or matching placebo with each dose of levodopa and were followed for 24 weeks. In both studies, time spent "on" increased of approximately one hour/day (about 10%) and this effect was consistent across time. Daily levodopa dosage was reduced by about 13%.
Mild dopaminergic side effects, including dyskinesias subsided after adjustment of levodopa dosage. No change has been detected in liver function tests or other laboratory safely parameters.
The clinical experience with the chronic use of tolcapone in patients with PD presenting motor fluctuations is more impressive, with the recent publications of three multicenter trials totalizing 530 patients. Kurth et al. performed two 10-hour clinical evaluations at baseline and day 42 comparing placebo and one of three tolcapone doses (50mg, 200 mg, 400 mg) on a total of 151 patients. 13 Tolcapone significantly reduced "off" time an average of 40% and increased total "on" time by about 25% at all doses levels, compared to the placebo group. L-dopa daily dosage was significantly reduced, especially in the 200 mg (26%) and 400 mg (24%) groups.
Rajput et al. performed a randomized, double-blind, parallelgroup trial at 11 centers in North America, comparing tolcapone 100 mg and 200 mg t.i.d. with placebo in a total of 202 patients. 14 The primary aim was to measure the effect on the "wearing-off" phenomenon, using patients' self-rating diaries. Other efficacy measures included the investigators' global assessment (IGA) and UPDRS subscales I to IV. With both dosages of tolcapone, the duration of daily "off" time was reduced from baseline, but the change was significant only in the 200 mg t.i.d. group. At the end of month 3, the patients in this group of treatment had a mean 3.25 hours reduction in daily "off" time. The dosage of L-dopa was significantly reduced in both treatment groups, by about 22%. The IGA of the "wearing-off" phenomenon indicated that 68% of patients receiving tolcapone 100 mg t.i.d. and 95% of those on 200 mg t.i.d. had a reduced "wearing-off" compared with 37% of those on placebo. No significant differences were seen between the groups in UPDRS total and subtotal scores for subscales I,II and III. With this particular trial design, about 30% of patients completed 12 months of treatment. The reductions in L-dopa dosage and "off" time seen at the end of month 3 were maintained in the tolcapone-treated patients.
A similar multicentre trial was also conducted in Europe, involving a total of 177 patients. 15 At the end of 3 months, treatment with tolcapone significantly decreased mean "off" time (by > 20%) and increased mean "on" time (by > 25%) compared to placebo. Both tolcapone dosages were equally effective in increasing "on" time, but the 100 mg t.i.d. dosage was more effective in decreasing "off" time. The decrease in "off" time was maintained at 9 months in both treatment groups. The mean reduction of L-dopa dosage at month 3, in the order of 23%, was significant in both groups but maintained at 9 months in the 200 mg t.i.d. group only.
The tolerability in all 3 studies was comparable. Dopaminergic adverse effects including dyskinesia, were more common in both treatment groups, notably in the 200 mg t.i.d. group, and occurred early in the study. They were usually transient and could be satisfactorily controlled by L-dopa dosage adjustment. Dyskinesia were never the reason for withdrawal of the studies. Diarrhea was the most often reported non-dopaminergic adverse event and the most often cited reason for withdrawal, causing 5% to 6% of patients to drop out of the studies. The mechanism is unknown, and the incidence unrelated to tolcapone dosage. Most cases occur between day 30 and 90 after starting treatment, and it is always reversible after discontinuation of tolcapone (rechallenge with tolcapone in these individuals always results in diarrhea recurrence (OS, unpublished observation). Asymptomatic elevation of liver transaminases is observed in 2% to 3% of patients. The enzyme concentrations return to normal values when treatment is withdrawn, although in some patients the values have returned to normal while on continued treatment.
More recently, three patients have presented a fulminant hepatitis while on tolcapone, leading many countries to withdraw this compound from their market. In all three cases, the hepatitis occurred during the first six months of treatment, and no other cause was found on investigation. Histological findings from liver biopsy in case one were consistent with drug-related hepatotoxicity. 16 The causal relationship remains under investigation at the present time.
Another rare complication associated with the use of tolcapone is the neuroleptic malignant syndrome (NMS). A too agressive reduction of dopaminergic agents while introducing tolcapone, or its abrupt discontinuation may precipitate this potentially lethal complication. A reduction of about 25 to 30% in daily levodopa dose is recommended when introducing tolcapone. Conversely, levodopa or dopamine agonists doses must be increased when discontinuing tolcapone. Rhabdomyolysis, either in the setting of NMS or severe dyskinesia, has also been reported.
Comments
The efficacy of COMT inhibitors for the control of motor fluctuations reflects the significant impact of this group of compounds on L-dopa pharmacokinetics. The effects are often noticed within 24 hours of drug introduction, owing to the rapid onset of COMT inhibition. In order to prevent dopaminergic side effects, it is recommended to reduce the daily dosage of L-dopa by about 25% when tolcapone is introduced in patients who are experiencing significant dyskinesia. Both dosages of tolcapone (100 mg t.i.d. and 200 mg t.i.d.) are effective in reducing "off" time and improving "on" time, but have no significant impact on the magnitude of the motor response during the "on" period. Recent reports have suggested that there is no significant difference between the 100 mg or 200 mg doses in most patients. 17, 18 Therefore, the recommended starting dose of tolcapone is 100 mg t.i.d., increasing to 200 mg t.i.d. only if a satisfactory response is not attained. Warning patients of the possibility of worsening of dyskinesia is important as is maintaining patient physician contact in the first few days of initiating treatment.
At the present time, tolcapone is no longer commonly available in many countries or must be used under strict regulations, with close monitoring of liver function tests. No laboratory abnormalities have yet been reported with entacapone, but the number of patients studied is considerably smaller. Concerns about a possible class effect should command serial measurements of serum biochemistry, at least for the first six months of treatment, with any of the nitrocatechols.
CONCLUSION
COMT inhibitors extend levodopa's duration of action, prolonging "on" time in patients with motor fluctuations. They provide rapid-onset improvement and may be preferred in the older age group over dopamine agonists, more likely to induce adverse CNS effects (psychosis, hallucinations) and orthostatic hypotension. 19 On the other hand, younger patients and those with prominent dyskinesias may be better served by dopamine agonists. The combination of COMT inhibitors with dopamine agonists will likely also provide additional benefit in severe fluctuators but requires further investigation.
